Objective To determine the efficacy of antibacterial prophylaxis in preventing infectious complications after percutaneous endoscopic gastrostomy. Design Prospective, randomised, placebo controlled, double blind, multicentre study. Setting Departments of internal medicine at six German hospitals. Subjects Of 106 randomised adult patients with dysphagia, 97 received study medication, and 84 completed the study. The median age of the patients was 65 years. Most had dysphagia due to malignant disease (65%), and many (76%) had serious comorbidity. Interventions A single intravenous 2.2 g dose of co-amoxiclav or identical appearing saline was given 30 min before percutaneous endoscopic gastrostomy performed by the thread pull method. Main outcome measures Occurrence of peristomal wound infections and other infections within one week after percutaneous endoscopic gastrostomy. Results The incidence of peristomal and other infections within one week after percutaneous endoscopic gastrostomy was significantly reduced in the antibiotic group (8/41 (20%) v 28/43 (65%), P < 0.001). Similar results were obtained in an intention to treat analysis. Several peristomal wound infections were of minor clinical significance. After wound infections that required no or only local treatment were excluded from the analysis, antibiotic prophylaxis remained highly effective in reducing clinically important wound infections (1/41 (2%) v 11/43 (26%), P < 0.01) and non-wound infections (2 (5%) v 9 (21%), P < 0.05). Conclusions Antibiotic prophylaxis with a single dose of co-amoxiclav significantly reduces the risk of infectious complications after percutaneous endoscopic gastrostomy and should be recommended.
Introduction
Percutaneous endoscopic gastrostomy is commonly used for long term enteral feeding of patients with severe dysphagia. [1] [2] [3] [4] [5] The most common complication is peristomal wound infection. [5] [6] [7] [8] [9] [10] [11] Several investigators have reported low rates of wound infection in patients who were already receiving antibiotics at the time of percutaneous endoscopic gastrostomy, 6 9 11 and some centres routinely use antibiotic prophylaxis. 2 12 Conflicting results, however, have been obtained in prospective clinical trials of antibiotic prophylaxis in percutaneous endoscopic gastrostomy, and its value in reducing wound infection rates is controversial. [8] [9] [10] [11] To resolve the issue, we planned a large, prospective, randomised, double blind, multicentre study of antibiotic prophylaxis in percutaneous endoscopic gastrostomy.
Participants and methods

Patients
Eligible patients were at least 18 years of age and were referred for percutaneous endoscopic gastrostomy because of dysphagia. Exclusion criteria were a contraindication to percutaneous endoscopic gastrostomy, known allergy to a penicillin, treatment with any antibiotic within the past 4 days, neutropenia ( < 500 cells/ l), or serum creatinine concentration > 300 mol/l. Patients could be entered into the study only once. Written informed consent was required, and the study was approved by the ethics boards of the participating centres.
Assignment
We conducted a double blind, placebo controlled, clinical trial at six German hospitals. We used a permuted block design, with separate sequences of random numbers for each centre, to assign patients in roughly equal numbers to antibiotics or placebo. A sample size of 180 patients was required for a two sided test to detect a reduction in the incidence of peristomal wound and other infections in the antibiotic group from 20% to 5% at a significance level of 0.05 and a power of 0.80 and at an evaluability rate of 85%.
Because of a high overall incidence of infection after blinded review of 65 patients, an adaptive interim analysis of efficacy was performed by a biostatistician who had no other part in the study. 13 The analysis estimated the difference in the infection rate as significant at the 0.05 level if the P value was less than 0.0234, with a one sided Fisher's exact test. A P value of 0.00068 was calculated for the difference in infection rates in both groups. We therefore decided to terminate the study, at which time 106 patients had been randomised. The blinding for investigators, study nurses, reviewers, and data managers was maintained until data review for all patients was complete.
Treatment
About 30 minutes before endoscopy patients received either 2.2 g co-amoxiclav or identical appearing saline by short intravenous infusion. The medication was prepared in the hospital pharmacy or in a separate room and administered to patients by staff not involved in the study or care of the patients.
Percutaneous endoscopic gastrostomy was performed by the thread pull method. 1 Tubes with a 3.6 mm inner and 4.8 mm outer diameter were routinely used (15 Ch/Fr Universalgastral, Fresenius, Bad Homburg, Germany). In a few cases tubes of 1.9 mm inner and 2.9 mm outer diameter (9 Ch/Fr Standardgastral, Fresenius) were used. Twenty four hours after gastrostomy, tea was administered through the tube, and after 48 hours, enteral feeding was started.
Monitoring and evaluation
The patients were followed for at least 7 days. Blood cell counts were done on days 1, 4, and 7 after gastrostomy, and serum creatinine and aminotransferase concentrations were measured on day 4. Monitoring included the measurement of body temperature three times daily, recording of peritoneal irritation and abdominal pain, and assessment of potential adverse events and clinical complications.
The peristomal region was examined daily, cleaned, and bandaged dry without antiseptic ointments. Peristomal erythema, induration, and wound secretions were noted and scored as proposed by Jain et al. 9 The score was calculated by summing up the individual scores for erythema (0 = none, 1 = < 5 mm, 2 = 6-10 mm, 3 = 11-15 mm, 4 = > 15 mm), induration (0 = none, 1 = < 10 mm, 2 = 11-20 mm, 3 = > 20 mm), and exudate (0 = none, 1 = serous, 2 = serosanguinous, 3 = sanguinous). When purulent secretion was suspected we collected material for microscopy and culture. Peristomal wound infection was defined either as a score > 8 points or as microscopic evidence of suppurating secretion. The infection was considered clinically important if surgery or systemic antibiotics were required.
For patients with fever or other signs of infection, clinical and laboratory examinations were done and appropriate cultures taken to define the infection. Bacterial pathogens were identified and differentiated by standard methods. The susceptibility testing for co-amoxiclav was done by disc diffusion tests.
We recorded the occurrence of peristomal wound infection as defined above and of any other infection that required surgery or systemic antibiotics within 7 days after gastrostomy as a primary efficacy variable. The occurrence of serious adverse events and survival within 30 days after the procedure were also recorded.
Statistical analysis
We performed the analysis of efficacy as per protocol, including eligible patients with adequate data during follow up, and on an intention to treat basis, including all patients who received placebo or antibiotics and who had gastrostomy. The analysis of safety included all patients who received study medication. Fisher's exact test was used to compare proportions. Wilcoxon's test was used to assess quantitative variables. The time to onset of infection was analysed by KaplanMeier estimates and a log rank test. These tests were two sided.
Results
Participant flow
Of the 106 patients enrolled, eight did not receive study medication and one had inadequate documentation of drug administration. The remaining 97 patients were included in the analysis of safety. Thirteen patients (six in the antibiotic arm and seven in the placebo arm) were excluded from the per protocol analysis for various reasons (fig 1) . Three patients developed non-infectious complications including bleeding, hypotension, and peritoneal irritation with abdominal pain. None of these complications was fatal. Table 1 shows the demographic and clinical characteristics of the evaluable patients at baseline. Most of the patients had dysphagia due to malignant disease (65%), and many patients had serious comorbidity (76%). Patients in both arms had comparable baseline characteristics.
Per protocol analysis
The incidence of any infection within 7 days was significantly lower in the antibiotic arm than in the placebo arm (table 2) . Eight of 41 (20%) patients in the antibiotic arm developed infection compared with 28 of 43 (65%) patients receiving placebo (P < 0.001). The effect of prophylaxis on infection rates was similar in patients with cancer (21% v 63% in placebo group) and neurological disease (15% v 69%).
Peristomal wound infection was diagnosed in six (15%) patients who had received co-amoxiclav and 19 (44%) who had received placebo (P = 0.004) (table 2) . 
Papers
No wound without purulent secretion had a maximum combined daily wound score of 8 points. Since purulent secretion alone was diagnostic of wound infection in this study, the wound score did not add sensitivity in evaluating this end point. Only one patient who received co-amoxiclav developed clinically important wound infection compared with 11 who received placebo (P = 0.003) (table 2). Figure 2 shows the time to infection in the two groups. Clinically important wound infections occurred within 5 days after gastrostomy. Non-wound infections were less common among the co-amoxiclav group than the placebo group (table 2) . Table 3 shows the bacterial pathogens causing infection. No Staphylococcus aureus or streptococci infections occurred in the co-amoxiclav group. Three Gram negative isolates were resistant to co-amoxiclav in vitro. Clinically important infections were more common among patients with culture positive than culture negative wound infections (10/13 v 2/12).
Intention to treat analysis
An intention to treat analysis confirmed the differences in infection rates (table 4); 10/46 (22%) patients in the antibiotic arm and 31/47 (66%) in the placebo arm developed infection (P < 0.001). The difference between the groups was large for clinically important wound infections but non-significant for minor wound infection. One patient who was excluded from the per protocol analysis required tube replacement in the week after gastrostomy because of leakage leading to peritonitis.
Antibiotics were required in the week after the procedure by six patients (24%) in the co-amoxiclav arm Full version: only available on www.bmj.com and 24 (51%) in the placebo arm (P < 0.001). The numbers include two patients in each arm who received antibiotics without adequate reason.
Adverse events
A total of 20 adverse events were reported in 19 patients who received co-amoxiclav and 26 in 18 patients who received placebo. Adverse events that were possibly or probably related to the study medication included nausea (one patient) and seizure (one) in the co-amoxiclav group and vomiting (one) and suspected allergic exanthema (one) in the placebo group. Seven patients in the antibiotic arm and eight in the placebo arm died within 30 days after gastrostomy. One patient in the antibiotic arm died of pneumonia (on day 16) compared with three in the placebo arm (days 5, 10, and 21); the remaining deaths were due to underlying disease.
Discussion
Our study shows that antibiotic prophylaxis with a single dose of co-amoxiclav reduces infection after percutaneous endoscopic gastrostomy. The study was larger than previous studies of antibiotic prophylaxis in percutaneous endoscopic gastrostomy, [8] [9] [10] [11] two of which found no reduction in the incidence of peristomal wound infection. 8 11 Infection rate and patient selection We studied mainly patients at increased risk of infection such as cancer patients and patients admitted to hospital for various reasons. Many of our ambulatory, healthier patients were not randomised because they could not be followed up for at least 7 days. Malignancy has previously been associated with an increased risk of complication after percutaneous endoscopic gastrostomy. 14 15 Other studies indicate that patients with neurological disease may be more prone to infection than patients with cancer. 8 Several previous studies noted a high risk of infectious complications. In a study in which over half the patients had cancer the overall incidence of infection after percutaneous endoscopic gastrostomy was 42%, 10 and Jain et al found that patients receiving placebo had a 32% increased risk of wound infection. Diagnostic criteria for wound infection Jain et al's criteria to define wound infection 9 seemed helpful in the daily monitoring of study subjects, but, as reported previously, 11 the score was not better than purulent secretion alone as a diagnostic criterion. Purulent secretion, on the other hand, may be non-specific. Patients who had sterile cultures and required no medical or surgical treatment may have had inflammatory reactions associated with foreign material rather than true infection. Such minor or presumed wound infections occurred with a similar frequency among patients given antibiotics and placebo. Previous studies have reported low rates of wound infection requiring treatment among patients given antibiotic prophylaxis. 9 10 These rates are comparable with the 2% that we observed.
Choice of drug and dose
The choice of prophylactic regimen is unlikely to account for the differing results of previous trials. Jonas et al used three doses of cefoxitin and found no effect on wound infection, 8 whereas Jain et al reported significant protection with a single dose of cefazolin, 9 a drug less effective against anaerobic bacteria than cefoxitin or co-amoxiclav but similarly effective against aerobic organisms from the upper gastrointestinal tract and mouth flora. A single dose of co-amoxiclav (and probably of other comparable antibiotics) may be sufficient prophylaxis against wound infections after percutaneous endoscopic gastrostomy, as it is for prophylaxis in gastrointestinal surgery.
16
Outcome and survival The mortality within 30 days after gastrostomy was 14% in both groups, a similar rate to that reported in other studies. [17] [18] [19] Although we observed a lower rate of non-wound infections (including pneumonia) in antibiotic recipients than placebo recipients, this did not seem to affect survival. This is not surprising since a single dose of an antibiotic is unlikely to affect rates of infection and associated complications several weeks later. In addition, many of our patients died because of their underlying malignant disease.
Conclusion
We recommend giving antibiotic prophylaxis before percutaneous endoscopic gastrostomy. It is well tolerated, easy to perform, and reduces morbidity and the need for treatment because of infection. Our results 
Key messages
x Percutaneous endoscopic gastrostomy for enteral feeding can be associated with substantial rates of infectious complications, notably peristomal wound infection + Small, single centre studies on prevention of wound infection by antibiotic prophylaxis have given conflicting results
x This prospective, randomised, placebo controlled, double blind, multicentre study showed that a single dose of 2.2 g co-amoxiclav significantly reduced the rate of infection
x The favourable effect of antibiotic prophylaxis included a reduction in the rate of clinically important peristomal wound infection
x Intention to treat analysis indicated a significant reduction in the need for therapeutic antibiotics 
